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(57) Abstract 

Components are arrayed on a 
component feeder (4) along a direction 
in which the component feeder moves, in 
correspondence to respective mounting 
sequences of the components to be 
mounted to their respective component 
mounting positions in a printed board 
(I), and the components arrayed in the 
array order are successively moved along 
the mounting sequence by successively 
moving the component feeder in the 
feeder moving direction. Thus, the 
components are mounted to the printed 
board successively by the component 
holder. 
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DESCRIPTION 

COMPONENT MOUNTING METHOD AND COMPONENT 
MOUNTING APPARATUS 

TECHNICAL FIELD 

The present invention relates to component 
mounting method and component mounting apparatus for 
stably feeding a plurality of types of electronic 
components to be mounted onto circuit boards and for 
performing the mounting of a plurality of types of 
electronic components onto one circuit board in the 
shortest time. 

BACKGROUND ART 

A conventional component mounting apparatus and 
a conventional component mounting method using the 
component mounting apparatus are described. 

As shown in Fig. 3B, a component mounting 
apparatus 30 generally comprises: a rotating table 7.| an 
X-Y table 3; a component feeder 4; a component feed 
section 5 to which the component feeder 4 is removably 
equipped; a rotating- table driver 8 for driving the 
rotating table 7; a .table driver 9 for driving . the X-Y 
table 3; a component-feeding-section driver 10 for 
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driving the component feed section 4; and a component - 
mounting controller 20 for performing operational control 
of the drivers 8, 9, 10. 

The rotating table 7, of which a table body 7a 
will not move, has suction nozzles 2 which move on a move 
path along the periphery of the table body 7a and which 
serve for mounting electronic components 11 onto a 
printed board 1* The suction nozzles 2 are moved by the 
rotating -table driver 8 between a component holding 
position which is one place on the move path and at which 
the holding of an electronic component 11 is performed, 
and a hold releasing position which is another place on 
the move path and at which the holding of the component 
is released, and moreover the suction nozzles 2 will move 
up and down to suck up and mount electronic components. 
The X-Y table 3, which is located below the rotating 
table 7, has the printed board 1 placed thereon. Then, 
for the mounting of an electronic component 11, which has 
been transferred to the hold releasing position by a 
suction nozzle 2, to a component mounting position on the 
printed board 1, the X-Y table 3 moves the printed board 
1 so that the component mounting position and the hold 
releasing position coincide with each other* It is noted 
that the X-Y table 3 is moved by the table driver 9 in X 
and Y directions as shown in the figure. The component 
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feeder 4 has a plurality of component accommodating units 
4a for accommodating therein a plurality of types of 
electronic components 11, respectively. The component 
accommodating units 4a are arrayed along the component 
feed section 5 in a Z direction, as shown in the figure, 
corresponding to the direction in which the component 
feeder 4 is moved. The component feeder 4 of such 
arrangement is moved in the Z direction by the driver 10 
so that the electronic component 11 to be mounted is 
positioned to the component holding position. It is 
noted that the X, Y and Z directions are within the same 
plane and that the X and Z directions are parallel to 
each other. 

In the component mounting apparatus 30 as 
described above, the electronic component 11 is taken out 
from the component feed unit 4a at the component holding 
position by the suction nozzle 2, and during the transfer 
to the hold releasing position, the posture of the 
electronic component 11 is detected by a recognizer 6 . 
Then, based on the detection result, the electronic 
component 11 on the way of transfer is corrected in 
position, and transferred to the hold releasing position. 
Meanwhile, the X-Y table 3 moves in the X, Y directions 
so that the component mounting position on the printed 
board 1 to which the electronic component 11 is to be 
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mounted becomes coincident with the hold releasing 
position- Accordingly, at the hold releasing position, 
the suction nozzle 2 mounts the electronic component 11 
to the component mounting position on the printed board 
5 1. Further, the printed board 1 is also positionally 

corrected, as required; by detecting a mark provided on 
the printed boasrd' 1 with the recognizer 6 . 

Indeed/ occurrence of errors in such a 
component mounting apparatus 3 0 have been on the decrease 
10 with the technical progress of the mounting equipment. 

However, for the exhaustion of electronic components to 
be mounted or the occurrence of errors, it has been the 
case that the operator takes measures of electronic 
component replenishment or error cancellation upon each 
15 occurrence of errors, or of feeding components by the 

component feeding method as disclosed in Japanese Patent 
Laid-open Publication No. 60-206098 or No. 62-21300, by 
which the production of circuit boards is continued. 

Next, the arraying of the electronic components 
20 11 onto the component feeder 4 as well as the decision of 

a mounting sequence according to the prior art are 
described with reference to Figs. 4 and 5. For example, 
as shown in Fig. 4, assume that 3 pieces of electronic 
/ components A, 2 pieces of electronic * components B and 1 
25 piece of electronic components C are -to: be mounted onto 
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the printed board 1 . In such a case, according to a flow 
chart as shown in Pig. 5 # first at Step (represented by 
"S" in the figure) . 1, electronic components are 
classified into groups . according to mounting cycle time, 
5 which is the time ^ necessary f or one electronic compqnent 

from being taken : out f ronu the, component feeder 4 until 
being mounted onto; the r v ,printed board , 1, so that the 
.electronic components .are. classified into groups having 
the same mounting cycle , time,- respectively, and then the 
10 groups are put , into . an ascending order of the mounting 

cycle times. In this example,, the electronic components 
A and B have a mounting cycle time of 0.1 second, and the 
electronic components. C have a mounting cycle time of 0.2 
second, so that , the resulting order of array is A -> B -> 
15 C. . ■ , 

Subsequently at Step 2, based on the processing 
of Step 1, it is decided which electronic components are 
, placed at the individual component accommodating units 4a 
located at Zl, Z2, ... in the component feeder 4. In 
20 this example, the electronic components A are placed at 

Zl, the electronic components B are placed at Z2 and the 
electronic components. C are placed, at Z3 . 

Subsequently at Step 3 , an optimization of the 
- . . mounting sequence is executed based on the processing of 
25 - Step 2, by which the mounting . sequence is decided. In 
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this example, the -mounting operation is carried out in a 
sequence as indicated by arrows within the printed board 
1 as shown in Pig". 4. That is, the: electronic components 
A are mounted- in an order of a component mounting 
5 position Nl to a component -mounting position N2 to a 

component mounting position N3 , respectively, then 
electronic components B are * mounted in an order of a 
component mounting - position N4 to a component mounting 
position N5, respectively; and finally an electronic 
10 component C is mounted* to a component mounting position 

N6 . 

The placement of electronic components onto the 
component feeder < 4 as well; as :'the mounting sequence of 
the electronic components according to the prior art have 
15 been determined by such method and procedure as described 

above. In the above example, the electronic components A 
set to the Zl component accommodating unit are used in 3 
pieces, the electronic components B set to the Z2 
component accommodating unit are used in 2 pieces and the 
20 ' * ' electronic component C set to the. Z3 component 
accommodating unit is used in 1* piece. 

In addition, the operations of Steps 1 to 3 are 
carried out" by • the component -mounting controller 20 
executing arithmetic operations with . the feed of 
25 information as to the types "of electronic components to 
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be mounted, i.e., information on the electronic 
components A, B, C as. well as information on the 
quantities of the individual types. of electronic 
components to be mounted in this example. Information as 
to the mounting cycle time -may be previously stored in 
the component -mounting controller 20 for each type of the 
electronic components, or otherwise the information may 
be fed from time to time : as required. , 

However / with the- ..convent ior>al method as 
described above, the number of . electronic components to 
be mounted on the printed board 1 differs fr;om type to 
type of electronic; components as in the above example, in 
which the number of electronic components A. is 3, the 
number of electronic components B is 2 and. the number of 
electronic , components C ; is l. : As the. three types of 
electronic components A, B , C are involved in the above 
example, the electronic components to be mounted on the 
printed board 1 are arrayed in the component feeder 4 
according to the types of electronic components. 
Therefore, the number of- consumption of . electronic 
components- that have been arranged in ; the component 
feeder .4 varies depending on the type of electronic 
components mounted on the printed board. 1,. such that 
component exhaustion in the component . feed section 5 will 
randomly occur during the production of the printed board 
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1. That is, in the: above example, in which 3 pieces of 
electronic components A are consumed for one printed 
board 1, if such production of printed boards 1 is 
continued, an exhaustion of electronic components A will 
occur first among the electronic components A to C fed to 
the component feeder; 4,, and an exhaustion of electronic 
components *B will : occur after a while, and an exhaustion 
of electronic components .-C, ; will occur after another 
while 

Such a component exhaustion would cause the 
printed board 1 not/ to be , completed, so that the whole 
component mounting apparatus wpu Id result in a halt each 
time a component > exhaustion has. occurred. This would 
cause an increase in the apparatus halt time involved in 
the component replacement work.. In order to overcome 
such circumstances , there has been a disadvantage that 
the operator must monitor the equipment at all times 
during the operation of the component mounting apparatus. 

DISCLOSURE OF INVENTION 

An object of the present invention is therefore 
to provide a high-productivity component, mounting method 
and apparatus which improve the . operation rate of the 
component - mounting apparatus, and which increase 
unattended operating time that requires no monitoring of 
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the operator, or in other words, continuous operating 
t ime . 

In accomplishing, the object, according to a 
first aspect of the pre sent /.invent ion, there is provided 
a component mounting method: for successively taking out 
components from a component^ feeder , . which , is movable in a 
component feeder moving? direction, by a component holder 
which holds a . component- an- ;t he components; at _ a component 
holding position, moves to a hold releasing position and 
releases the component from the holding, and for mounting 
the taken-out component to a component mounting position 
in a printed board held on. a movable X-Y table, 
the component mounting .method comprising.: 

arraying the components in the component feeder 
along the feeder moving " direction in accordance with a 
mounting sequence of the components onto the printed 
board ; and 

successively moving the components, which have 
been arrayed, by successively moving the component feeder 
in one direction which is -the feeder /moving direction, 
moving the component mounting., position to the hold 
releasing position by moving the table, and holding the 
component from the component feeder by the component 
holder and successively mounting the held component onto 
25 the printed board, .y 
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According to a second aspect of the present 
invention, there is- provided a component mounting method 
according to the first aspect, wherein the mounting 
sequence of the cbmporieints is such a mounting sequence 
5 that an amoiiiit of " move' of the table is minimized in the 

mounting of- components onto the printed board. 

According - to a " third aspect of the present 
invention, there *is provided a component mounting method 
according to the first or second aspect , wherein when a 

10 first component to a nth (where ri is an integer of 2 or 

more) component in the components are arrayed in order in 
the component feeder" along the feeder moving direction 
and when the printed board is placed to a mounting 
initial position by the table for a start of the 

15 mounting, 

the mounting sequence of the components is such 
a mounting sequence that a last component mounting 
position at which a component has just been mounted and a 
succeeding component mounting position at which a 
2 0 component is next mounted are of the closest distance, 

throughout a course from the first component mounting 
position, which is the * closest to the hold releasing 
position, to the nth component mounting position in the 
printed board. 
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According to a 4th aspect of the present 
invention, there is provided , a component mounting method 
according to the . third - aspect , wherein the mounting 
sequence in which the last -component mounting position at 
5 which a component has just - been mounted and the 

succeeding component mounting-., .position at which a 
component is next mounted . are of . the, closest distance is, 
when the table- is,, movable in an X direction 
parallel to the feeder moving, direction . and in a Y 
10 direction perpendicular to the . X direction within the 

same plane as the X direction, 

. a mounting sequence in which the mounting is 
carried on along one direction of the X direction and the 
Y direction, and such a mounting sequence that when the 
15 mounting to one component mounting position array out of 

a. plurality of component -mounting position arrays 
parallel to the one direction in the p ri Pted board is 
completed, the table is moved- in the other direction 
thereof to a component mounting position array adjacent 
20 to the one component mounting position array, whereby the 

mounting is performed .successively, starting with the 
first component mounting position. 

According . to a . 5th aspect of the present 
invention, there is provided a component mounting method 
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according to the first aspect, wherein the components are 
arrayed to the component feeder through: 

classifying the components to be mounted, into 
a plurality of groups according to mounting cycle time, 
5 so that each group of components has the same mounting 

cycle time, by using a plurality of mounting cycle times 
corresponding to: the components; 

arraying.: the components for . each of the 
classified groups, so that the components are arrayed in 
10 an ascending order . of the mounting cycle times, from the 

shortest to slowest groups of components; and 

for the components belonging to the same group, 
arraying the respective components . to the component 
feeder in accordance with such a mounting sequence that a 
15 table's moving amount is minimized in the mounting of the 

components onto the printed board. 

According to a 6th aspect of the present 
invention, there is provided a component mounting method 
according to any one of the first to 5th aspects, further 
20 comprising: 

in the component feeder, 

gathering and arraying the same type of 
components out - of the components to be mounted to the 
printed board, - irrespectively .of the mounting sequence; 
25 and 
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placing the ; components to be mounted, to the 
component holding position by moving the component feeder 
according to the mounting .sequence, and successively 
mounting the components ^onto the printed board by the 
5 component holder- ..v.v.-o 'r: <tj ■*; 

According ' to? £a [ivith aspect/ of, the present 
invention, there is: ^provided ao component mounting method 
according to any one of ,t he first, to 6th aspects, wherein 
the component feeder has. respective component 
0 accommodating units for accommodating ; the respective 

components to be placed in accordance with the mounting 
sequence along . the feeder moving direction, where the 
same number of components are accommodated in the 
respective, component accommodating units;. . ■»> 
15 According to . an 8th aspect of the present 

invention, there is provided a component mounting 
apparatus for successively taking out components from a 
component feeder, which is movable in a component feeder 
moving direction, by a component holder which holds a 
20 component in the components at : a ... component holding 

position, moves to a hold releasing position and releases 
the component from the holding, and for mounting the 
taken-out component to a component mounting position in a 
-' printed board held on a movable . X-Y . table, 
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the component mounting apparatus comprising a 
component mounting controller for controlling operation 
of : arraying the components in the component feeder along 
the feeder moving direction in accordance with a mounting 
sequence of the components onto the printed board; and 
successively moving the components , which have been 
arrayed, by successively moving the component feeder in 
one direction which is the f eeder moving direction, 
moving the component mounting position to the hold 
releasing position by moving the table, and holding the 
component from the component feeder by the component 
holder and successively Mounting the held component onto 
the printed board. 

According to a 9th aspect of the present 
5 invention, there is provided a component mounting 

apparatus comprising: 

a component holder which has a component 
holding portion for holding a component in the components 
to be mounted to a printed board and releasing the held 
0 component from the holding, and which moves between a 

component holding ' position where the component is held 
and a hold releasing position where the held component is 
released from the holding; 

a component feeder in which the components to 
15 be mounted onto the printed' board 'are- arrayed along a 
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direction of move of the feeder., and which moves in the 
feeder moving direction .to enable the component holding 
portion to . hold . the component, and positions the 
component to be , mounted .. .. £0 the component holding 

5 position; - .... .... , , : 

a table ..which .has the printed board placed 
thereon, and which moves .the component mounting position 
to the hold releasing : position in order to mount the 
component to the cpmponent mounting position in the 

10 printed board; and. 

a component -mounting controller for controlling 
operation of the table so that such a mounting sequence 
results that a table's moving .amount is minimized in the 
mounting of components onto the printed board, and for 
15 controlling the mounting sequence. 

According to a 10 th aspect of the present 
invention, there is provided a component mounting 
apparatus, according to the 9th aspect, wherein the 
mounting sequence controlled by the component -mounting 

20 controller is, _ 

when a first component to a nth (where n is an 
integer of 2. or more) component in the components are 
arrayed in the component feeder in order along the feeder 
... moving direction, .and when the printed board is placed to 
25 a mounting initial position by the table for a start of 
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the mounting, and further when the table is movable in an 
X direction parallel the feeder moving direction and in a 

Y direction perpendicular to the X direction within the 
same plane as the X ; direction, 

5 a mounting sequence in which the mounting is 

carried on along one direction of the X direction and the 

Y direction, and" such a mounting sequence that when the 
mounting to one 'component mounting position array out of 
a plurality of component mounting position arrays 

10 parallel to the one direction in the printed board is 

completed, the table is moved in the other direction 
thereof to a component mounting position array adjacent 
to the one component mounting position array, where the 
mounting is performed successively from the first 
15 component mounting position, which is the closest to the 

hold releasing position, to the nth component mounting 
position in the printed board: 

According to an 11th aspect of /the present 
invention, there is provided - a component mounting 
20 apparatus according to the 9th aspect, wherein the 

components are arrayed onto the component feeder through: 
classifying the components to be. mounted, into 
a plurality of groups . according to mounting: cycle time, 
so that each group of components has the^ same mounting 
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cycle time, by using a plurality of mounting cycle times 
corresponding to the components ; 

arraying the . components for each of the 
classified groups , . so, that: .. the components are arrayed in 
5 an ascending order r of , .the mounting .cycle times, from the 

shortest to slowest groups qf. .components ; and . 

for components belonging to . the .same group, 
.arraying the respective, components to the component 
feeder in accordance with , such a mounting sequence that 
10 the table's moving amount is, minimized in the mounting of 

the components onto the printed board. 

According to a 12th aspect of the present 
. invention, there is provided a component mounting 
apparatus according to any one of the . 9th to 11th 
15 aspects, wherein in the component feeder,. 

the same type pf : components out of the 
components to be mounted to the printed board are 
gathered and arrayed, irrespectively of the mounting 
sequence; and 

20 . the components to be . mounted are placed to the 

component holding position by moving the component feeder 
according to the moxmting . sequence, and the components 
are mounted onto the printed board successively by the 
component holder. _ 
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According to a 13th aspect of the present 
invention, there is provided a component mounting 
apparatus according to ' any one of the 9th to 12th 
aspects, wherein* the component feeder has respective 
5 component accommodating units for accommodating the 

respective components- to be placed in accordance with the 
mounting sequence 1 " along the ; feeder moving direction, 
where the same number of components are accommodated in 
the respective component accommodating units. 

10 BRIEF DESCRIPTION OF DRAWINGS 

These arid other aspects and features of the 
present invention will become clear from the following 
description taken' in conjunction with the preferred 
embodiments thereof with reference to the accompanying 
15 drawings , in which: 

Fig. 1 is a flow chart showing the operation in 
the component mounting method which is one embodiment of 
the present invention; 

Fig. 2 is a view showing the order in which 
20 electronic components are arrayed onto 'a : component feeder 

included in a component mounting apparatus that 
implements the component mounting method as shown in Fig. 
1, and also showing the sequence of mounting onto a 
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printed board and the types . of electronic components to 
be mounted; , 

Fig. 3A is a view showing the configuration of 
the component mounting -apparatus, of the embodiment; 
5 Fig. 3B is a view ^showing the configuration of 

a prior-art component .mounting .apparatus; 

Fig. 4 is.,., a view ; showing the order in which 
electronic components are . arrayed onto the component 
feeder included in. the component mounting apparatus that 
10 implements the prior-art component mounting method, and 

also showing the sequence of mounting onto the printed 
board and the types of . electronic components to be 

mounted; and 

Fig. 5 is a flow chart showing the operation in 
15 the prior-art component mounting method. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Before the description of the present invention 
proceeds, it is to be noted that like parts are 
designated by like reference numerals throughout the 
20 accompanying drawings. 

A component., mounting method which is an 
embodiment of .the present invention^ and a component 
• - mounting apparatus 35 to. which the component mounting 
method is applied, are described below with reference to 
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the accompanying drawings . It is noted that like 
constituent parts are designated by like numerals 
throughout the drawings.: The following description will 
be made by way of example in the case of method and 
5 apparatus for mounting electronic components onto a 

printed board; as described above with reference to Fig. 
3 A # but the,; component ..mounting method and apparatus of 
this embodiment . rare not , limited to this example- That 
is/ in this example, the "component" in the aspects of 
10 ' the present invention is exemplified by electronic 
components in. the embodiments. Also, the "component 
holding portion" \for holding, and releasing from the 
holding, the "component" in the aspects of the present 
invention is exemplified by suction nozzles in the 
15 embodiments , and the "component holder" in the aspects of 

the present invention is exemplified by a rotating table 
in the embodiments. Also, the "table" in the aspects of 
the present invention is exemplified by an. X-Y table in 
the embodiments. Therefore, the move direction of the 
20 "table" is not limited to the so-called -X, Y directions, 

meaning that the X direction and the Z direction are not 
necessarily parallel * with each other . 

As in \ the foregoing ; description made by 
referring to FigJ 4, it is. assumed that ,3 pieces of 
25 electronic components A, 2 pieces of v electronic 



WO 97/48263 



PCT/JP97/02007 



21 

components B and 1 piece. -of electronic components C are 
mounted onto the printed board 1 as shown in Fig. 2. 

In such a case, according to the flow chart 
shown in Fig, 1, first at:: 1 Step 11, the electronic 
^components A to C > to be mounted are classified into a 
plurality of groups, where: those having the same mounting 
cycle time are taken as "one v group, depending on the 
mounting cycle times ithat the: electronic components A to 
yc^ have, respectively. In. -.this embodiment, if the 
mounting cycle time of the electronic components A and B 
is 0.1 second and the mounting cycle time of the 
electronic components C is 0.2 second, then the 
electronic components A to C are classified ■ into such 
totally two process groups that the electronic components 
A and B - are taken as one group and . the electronic 
components C are taken as one, group.. In addition, the 
classifying process of Step 11 , is done in advance by 
classifying equipment or operators or the like. 

Next, at Step 12 to Step 14 , feed tape reels to 
which electronic components are attached are arrayed in 
the Z direction as shown in the. figure, which is the move 
direction of the component feeder 4, into the component 
accommodating units 4a arranged along the Z direction. 
- ; Whereas the feed, tape reels • are accommodated in the 
1 ' component accommodating units . 4a„ because the , electronic 
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components are treated*; in this embodiment, it is not 
always the case to use such feed tape, reels for 
components other than electronic components.. 

Hereinbelow, : the v method of arraying the 
5 electronic components along the Z direction as described 

above is explained ♦ ^ 

The electronic components A to C are arrayed by 
taking into consideration the sequence in which the 
electronic components A to ;C are: mounted to the printed 
10 board 1, as described below. Further, since the table 

body 7a will not move as stated before, it is necessary 
for the component feeder 4 to: move in the, Z direction in 
order that the component : accommodating units 4a of the 
component feeder 4 are located to the component holding 
15 position where the suction nozzles 2 hold the electronic 

components. It is also necessary for the X-Y table 3 to 
move the component mounting position on. the printed board 
1 to the hold releasing position where the suction 
nozzles -2 release the electronic components from the 
20' holding. * Accordingly, to reduce the time required from 

the holding of the electronic components to the mounting 
thereof as much as possible, -it is appropriate in 
principle to determine the mounting sequence so that the 
move amounts of the component feeder: 4 and the X-Y table 
25 3 become shorter . Furthermore , to make the* time required 
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for the mounting even shorter, the array is determined in 
order, starting with the groups of the shortest mounting 
cycle time based on the processing .of Step 11, i.e. in an 
ascending order of the mounting cycle .times . That is, in 
this embodiment , the array of „ elf ctronic components A, B 
is first determined, and then . th^ A ar ray of the electronic 
components C is determined./. ._">*: ^ 

Referring. ..tO;M Stepsr 12. and 13, the 
aforementioned mounting /sequence, is described in detail . 
It is assumed that the printed board 1 placed on the X-Y 
table 3 is located to a mounting initial position by a 
movement of the X-Y table 3. at a start of the mounting 
process. When the printed .boar;d 1 is located at the 
mounting initial position, the electronic components are 
mounted onto the printed board 1, starting with a first 
component mounting position on the printed board 1, which 
is located, at an end of the printed board 1 and the 
closest to the hold releasing position. In this 
embodiment, a component mounting position. Nl corresponds 
to the above first component, mounting position as shown 
in Fig- 2. Accordingly, the. XrY table 3 is moved so that 
the first component mounting position Nl coincides with 
the hold releasing position. Also,, since the mounting is 
- carried on in .the ascending, .order, of the mounting cycle 
"times of- electronic components, as stated before, it is 
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assumed in this embodiment that one of the electronic 
components A that belong to a group of the shorter 
mounting cycle time is mounted to the component mounting 
position Nl . r In addition, in order to reduce the time 
required for mounting, : it is generally recommendable to 
mount one of the electronic components to the component 
mounting position closest to the component mounting 
position Nl. However, because of the need of taking into 
consideration the moving time* 1 of the X-Y table 3 for the 
reduction of the mounting time as stated above, it is 
assumed in this embodiment that the mounting is carried 
on basically along the Y direct ioh. Therefore, a second 
component mounting position where one of the electronic 
components A or one of the electronic components B is 
next mounted is determined along the Y direction with 
respect to ah array of component mounting positions 
arrayed at the same XI coordinate position as the 
component mounting position Nl. In this embodiment , a 
component mounting position N2 corresponds to the second 
component mounting position,- and one of the electronic 
components* B is mounted to the . component mounting 
position N2 . 

When there has been ■ no component mounting 
position left * for mounting the electronic component A and 
the electronic 'component * B in* the ' component mounting 
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position array to be * arrayed at the XI coordinate 
position, the printed board 1 is moved in the X direction 
by the X-Y table 3 up to a component mounting position 
array to be arrayed at an X2 .-coordinate position adjacent 
5 to the XI coordinate position. r Then, in the component 

mounting position array v to r be arrayed at the X2 
coordinate position, the mounting process is carried on 
while finding the . component -.-mounting position where the 
electronic component - A or B is mounted in the Y 
10 direction,, as. in the case of the XI coordinate position, 

where the direction in which the mounting is carried on 
is made different : from the direction in which the 
mounting is carried on at the XI coordinate position. 
Accordingly, at, the • X2 ; coordinate position, the 
15 electronic component A- is mounted to a component mounting 

position N3-2 corresponding. £0: a third component mounting 
position, and the electronic component B is mounted to a 
component mounting position N4 corresponding to a fourth 
component mounting position. At a time point when the 
20 electronic component B- has been mounted to the component 

mounting position N4 , no component mounting position 
where the electronic component A and B is mounted is 
present at the X2 coordinate position, so that the 
printed board 1 is moved along the X direction to an X3 
- 25 coordinate -position adjacent to . .the , X2 coordinate 



WO 97/48263 



PCT/JP97/02007 



26 

position. Then, the mounting process is carried on along 
the Y direction in the component mounting position array 
to be arrayed at the X3 coordinate position. It is noted 
that the direction of this mounting is different from the 
5 direction in which* the mounting is carried on at the X2 

coordinate position. ' Accordingly, as shown in the 
figure, the electronic component A is mounted to a 
component mounting position N5 corresponding to a fifth 
component mounting position . From this on, likewise, 
10 component mounting positions where the electronic 

components A or B are mounted are determined 
successively, such as the X3 coordinate position, the X4 
coordinate position, .... However, in this embodiment, 
it is assumed that no component mounting position where 
15 the electronic component A or B is mounted is present in 

the component mounting position N5 and followings. In 
this way, at a time point when the mounting of the 
electronic components belonging to the group of the 
shortest mounting cycle time has been completed, the 
20 mounting of electronic components belonging to the group 

of the next shortest mounting cycle time is started. 
That is, in this embodiment, the mounting of the 
electronic components C is started. 

In this embodiment, the directions in which the 
25 mounting is carried on have been made different between 
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adjacent component mounting position arrays as described 
above, but are not limited to this. For example, on the 
way of the entire length of a component mounting position 
array, the component mounting position array may be 
5 shifted to its adjacent component mounting position 

array, and the mounting is . carried out in the same 
direction for the adjacent component mounting position 
arrays . VT 

With the electronic components C, as in the 

10 electronic components A or B, the mounting is carried on 

in search for component mounting positions, starting with 
the component, mounting position , Nl, along the Y 
direction, while the directions in which the mounting is 
carried on are varied between adjacent X coordinate 

15 positions. In. addition, in this embodiment, it is 

assumed that the electronic component C is mounted only 
to the component mounting position N6 arrayed at the X3 
coordinate position, where the aforementioned component 
mounting position N5 is located, and that the electronic 

2 0 component C is mounted to the component mounting position 

N6 after the electronic component A has been mounted to 
the component mounting position N5. 

In order to execute the component mounting 
method . of this embodiment as described above, the 
25.. .operational control of the drivers 8 to 9 as well as the 
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control of the mounting' sequence are implemented by the 
component mounting controller 25. 

As seen above, in this embodiment, when the 
mounting of the electronic components is carried on in 
5 the sequence from -the 7 component mounting position Nl to 

the component mounting position N6 in one printed board 
1, the electronic 1 components to be used will be an 
electronic component A; v * an - electronic component B, an 
electronic component A, an electronic component B, an 
10 electronic component A and . an electronic component C. 

Therefore, at Step 14, as shown in Fig. 2, into component 
accommodating units Zl, Z2, . . Z6 equivalent to the 
component accommodating units 4a arrayed along the Z 
direction in the component feeder 4, the electronic 
15 component A, the electronic component B, the electronic 

component A, the electronic component B, the electronic 
component A and the electronic component G are arrayed 
along the Z direction, in correspondence to the 
respective mounting sequences of the electronic 
20 components A to G onto the printed board 1 . 

Further, when the electronic component C is 
mounted also to, - f or' example, a componetnt mounting 
position N3-1 included in the component mounting position 
array at the X2 coordinate position . in addition to the 
25 component mounting position N6 , an electronic component C 
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to be mounted to the component mounting position N3-1 is 
accommodated in a component feed unit 4a of the component 
feeder 4 located at Z6 , and another electronic component 
C to be mounted to the . component mounting position N6 is 
accommodated in another- component feed unit 4a located at 

Z7 . - -< •:• - v . 

With an arrangement : , that the respective 
electronic components are r arrayed in the component feeder 
4 along the Z direction -in correspondence to the 
respective mounting sequences, of the electronic 
components to be- mounted to the respective component 
mounting positions on. the printed board 1 as shown above, 
when the mounting of electronic components onto one 
printed board 1 has been completed,- the, .amount of 
consumption of the electronic components arrayed in the 
component accommodating units 4a become equal among the 
component accommodating units 4a, irrespectively of the 
type of the electronic components. Therefore, if 

electronic components of the same number are fed to the 
0 respective component accommodating . . ..units 4a, the 

electronic components can be exhausted out at the same 
time in the component feeder 4. Thus, the frequency at 
* which" the component mounting .apparatus comes to a halt 
due to component exhaustion, as would ,oft.en be involved 
the' prior art, ; can be : reduced, while the operation 
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rate of the component mounting apparatus can be improved. 
Moreover, the unattended operating time, which does not 
require the monitoring by the operator, can be increased, 
so that the productivity can be improved. For example, 
5 in the case where 5000 pieces of electronic components 

are fed to each of the component accommodating units 4a, 
if it takes / 30" - seconds fcb* mount all the electronic 
components onto £>ne printed 7 board 1, then a continuous 
operation of about 41.6 - hours 30 seconds x 5000 

10 boards) can be realized, which is suitable for unattended 

operation during the night. 

It is also possible to combine; such a 
conventional method as described with reference to Fig. 
4, in which electronic components of the same type are 
15 gathered in one component accommodating unit 4a, and the 

method of this embodiment as described above, in which 
all the electronic components to be mounted onto a 
printed board are arrayed in the mounting sequence in the 
respective component accommodating units 4a of the 
20 component feeder' 4. For example, when electronic 

components' A to E are mounted onto one printed board, it 
is possibles to apply the method of this embodiment to the 
electronic components A 'to ' C and to apply the 
conventional method to the electronic components D, E. 
25 "In such* a type of combination with ~ the conventional 
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method, the electronic - components A to C will come to 
exhaustion at the same ,time, so that the aforementioned 
effects of this embodiment can be produced. Also with 
respect to the electronic cpmppnents D, E, accommodating 
a number of electronic components D, . E , corresponding to 
an integral multiple. , of - . the u number .of electronic 
components needed to make up. one printed board 1 allows 
the electronic -components, E also to. be . exhausted at 

the same time. ■ .n. Besides , with a number n each of 
electronic components A to C fed, feeding a number of 
electronic components corresponding to an n multiple of 
the number of electronic components necessary for one 
printed board allows all the electronic components A to E 
to be exhausted at the; same time. 
5 Also, electronic, components that can be fed to 

the component feeder 4 only in. a small number (e.g., 1000 
pieces) at one time may be arrayed in such a range (e.g., 
5) that the electronic components can be placed in the 
component accommodating units 4a along the Z. axis. In 
0 such a case, the electronic components can be treated in 

the same manner as with other, large-capacity component 
feed capability by such an alternate mechanism as 
disclosed, in Japanese Patent Publication No. 7-83198. 

Furthermore, in this, embodiment,, it has been 
5, arranged not only that electronic components are arrayed 
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in the component feeder 4 along the Z direction in 
correspondence to the respective mounting sequences of 
the electronic components * onto the printed board 1, but 
* also that the electronic components to be mounted are 
classified into : groups according to the mounting cycle 
time and arrayed in the; ascending order of the mounting 
cycle times, and : further that the mounting sequences are 
determined by referencing, for example, the Y direction. 
Thus, in addition to the effects of improvement in the 
operation rate of the component mounting apparatus as 
well as improvement in the productivity, it becomes 
possible to accomplish further , faster component mounting - 
In the present embodiment, the component 
mounting positions in the printed board 1 have been 
aligned with the^ hold releasing position of the suction 
nozzles 2 by the X-Y table 3 being moved. However, it is 
also possible to move the table body 7a of the rotating 
table 7 without moving the X-Y table 3, conversely. 

Also, the component feeder 4 may be implemented 
by taping reel type, bulk type, tray type, stick type or 
the like. 

As . described in- detail above, according to the 
component mounting method of the first aspect of the 
: present invention: and the component mounting apparatus of 
- " the secbnd aspect , . the individual components-., are arrayed 
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to the component feeder along the feeder's moving 
direction in accordance with the respective mounting 
sequence of the components to be mounted to their 
respective component mounting- positions in the printed 
board, and the arrayed competent s are mounted to the 
printed board according to' the .mounting sequence. 
Accordingly, when the; mouritirig:> of components onto one 
printed board is completed, ~ the': components arrayed in the 
component feeder have 1 been consumed one each. This 
0 allows the components, which have been fed to the 

component feeder, to be exhausted at the same; time. As a 
result, the frequency at which the component- mounting 
apparatus comes to; a halt due to component exhaustion can 
be reduced, while: the operation rate of the component 
5 mounting apparatus can be improved. Moreover, the time 

of unattended operation that requires no monitoring of 
the operator can be increased, so that the productivity 
can be improved . 

The entire disclosure of Japanese Patent 
0 Application No. 8-149062 filed .on, June .. -11,, 1996 and 

Japanese Patent Publication No. 7- 83 198,. including 
specifications, claims, drawings, and summaries are 
incorporated herein by reference in their entireties. 

Although the present;, invention has been fully 
5 • described in connection with;, the preferred embodiments 
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thereof with reference to the accompanying drawings, it 
is to be noted that various' changes and modifications are 
apparent to . those skilled in the art. Such changes and 
modifications are to be "understood as included within the 
scope of the present invention as defined by the appended 
claims unless they depart' therefrom. 
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CLAIMS 

1. A component mounting method for successively 
taking out components from a . component feeder (4), which 
i- is movable in . a component ; f eeder moving direction, by a 

5 component holder ( 2 , ,7) -which holds a component in the 

components at a component , holding position, moves to a 
hold releasing position and releases the component from 
the holding, and for mounting the taken- out component to 
a component mounting position in a printed board (1) held 
10 on a movable X-Y table (3), 

the component mounting method comprising: 

arraying the components in the component feeder 
along the feeder moving direction in accordance with a 
mounting sequence of the components onto the printed 
15 board; and 

successively moving the components, which have 
been arrayed, by successively moving the component feeder 
in one direction which is the feeder moving direction, 
moving the component mounting position to the hold 
20 releasing position by moving the table, and holding the 

component from the component feeder by the component 
holder and successively mounting the held component onto 
the printed board. 

2. A component mounting method according to Claim 
25 i, wherein the mounting sequence of the components is 
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such a mounting sequence that an amount of move of the 
table is minimized in the. mounting of components onto the 
printed board. . . 

3, A component mounting . method according to Claim 
5 1 or 2, wherein when a first component to a nth (where n 

is an integer . of 2 :or ;more) component in the . components 
are arrayed; in border inrthe. component feeder along the 
feeder mbving direction and; when the printed board is 
placed to a mounting initial position by the table for a 

10 start of the mounting, 

the mounting sequence of. the components is such 
a mounting sequence that: a ; last, component mounting 
position at which a. component has just been mounted and a 
succeeding component mounting position at which a 

15 component is next mounted are of the closest distance, 

throughout a course from the first component mounting 
position, which is the closest to the hold releasing 
position, to the nth component mounting position in the 
printed board. 

20 4 . A component mounting, method according to Claim 

3, wherein the mounting sequence -in which the last 
component mounting position at which a component has just 
been mounted and the succeeding component* mounting 
position at which a component is next mounted are of the 

25 • : * closest ' distance is, 
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when the table- is. movable in an X direction 
parallel to the feeder moving direction and in a Y 
direction perpendicular to the X direction within the 
same plane as the X, directions * v. 

a mounting ; sequence- ; in - which the mounting is 
carried on along one direction; of the X direction and the 
Y direction, and such a .mounting sequence; that when the 
mounting to one component :, mounting position array out of 
a plurality. * of component \y mounting . position arrays 
parallel to the one direction in the, printed board is 
completed, the table is. moved, in the other direction 
thereof to a component mounting position, array adjacent 
,to the one component mounting .position array, whereby the 
mounting is performed successively, starting with the 
first component mounting position. 

5.. A component mounting . method according to Claim 
1, wherein the components are arrayed to the component 
feeder through: 

classifying the components to be mounted, into 
a plurality, of groups according -\ to ^ mpunting cycle time, 
so - that each group : of components : has the same mounting 
cycle time, by; using a. plurality of. mounting cycle times 
corresponding to the components; 

arraying ..the components for ; each of the 
classified groups, so that the .components-, are ..arrayed, ; in 
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an ascending order of the mounting cycle times, from the 
shortest to slowest groups of components; and 

for the components belonging to the same group, 
arraying the respective components to the component 
feeder in accordance -withv such a mounting sequence that a 
table's moving amount is .minimized in the mounting of the 
components onto the printed board. 

6. A component mounting . method according to any 
one of Claims 1 to. 5./ further, comprising: 

in* the component feeder,, . 

gathering and arraying the same type of 
components out of the components to be mounted to the 
printed board, irrespectively, of the mounting sequence; 
and- . 

placing the components to be mounted, to the 
component holding -position by moving the component feeder 
according to the mounting sequence,, and successively 
mounting the components onto the printed . board by the 
component holder . 

7. A component mounting method according to any 
one of Claims- to 6, wherein the component feeder has 
respective component accommodating. units (4a) for 
accommodating the respective components^ to be placed in 
accordance with r ~the mounting sequence, along . the feeder 
moving direction, where the same 'number of components- are 
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accommodated in the; respective component accommodating 
units. 

r 8. A component mounting apparatus for successively 

: taking out components from a. component feeder (4), which 

5 is movable in a component feeder -.moving direction, by a 

component holder ; .{ 2 , - 7 ) , which . .holds . a component in the 
components at a component holding: position, moves to a 
hold releasing positron , and -releases the component from 
the holding, and for .. mounting .the taken-out component to 
10 a component mounting position in a printed board (1) held 

on a movable X-Y table (3)v 

the component ..mounting apparatus comprising a 
r component mounting' v controller (25) for controlling 

operation of: arraying the components in the component 
i5 feeder along the feeder moving direction in accordance 

with a mounting sequence . of ; the components onto the 
printed board; and successively moving the components, 
which have been arrayed, by successively moving the 
component feeder in one direction which, is. the feeder 
20 moving direction, moving the k component mounting position 

to the hold releasing -position by,, moving the table, and 
holding the component from the component., feeder by the 
: component holder and . successively * mounting the held 
- component onto . the printed board. , 
-25 9. • A' component mounting apparatus comprising: 
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a component ; holder (7) which has a component 
holding portion (2) for holding a component in the 
components to be mounted to a printed board (1) and 
releasing the held ; component from the holding, and which 
moves between a component holding position where the 
component is , held and- a \ hold; ^releasing position, where the 
held component is released^ from the holding; 

a component : f eederv; (4)- in which . the components 
to be mounted onto the printed board are arrayed along a 
direction of move of the feeder, and which moves in the 
feeder moving direction to enable the component holding 
portion to hold the : component, and positions the 
component to be mounted to the component holding 
position; 

a table (3) which has the printed board placed 
thereon, and which moves the component mounting position 
to the hold releasing position in order to mount the 
component to the component mounting position in the 
printed board; and. 

. a component -mounting controller (25) for 
controlling . operation of the table so that such a 
mounting sequence results 'that a table's moving amount is 
minimized in the mounting of components -onto the printed 
board, and for controlling the mounting sequence. 
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10. A component mounting apparatus according to 
Claim 9, wherein the mounting sequence controlled by the 
component -mounting controller is , 

when a first component * to a nth (where n is an 
integer of 2 or- more) "component in the components are 
arrayed in the component feeder in order along the feeder 
moving direction, and when the * printed board is placed to 
a mounting- initial 1 position by-- the table for a start of 
the mounting, and further when the table is movable in an 
X direction parallel the feeder moving direction and in a 

Y direction perpendicular to the X direction within the 
same plane as the X direction, 

a mounting sequence in which -the . mounting is 
carried on along one direction of the X direction and the 

Y direction, and such a mounting sequence that when the 
mounting to one component mounting position array out of 
a plurality of component mounting position arrays 
parallel to the one direction in the printed board is 
completed, the table is moved in the other direction 
thereof to a component mounting position array adjacent 
to the one component mounting - position array , where the 
mounting is performed successively from the first 
component mounting position, which is the closest to the 
hold releasing position, to - the nth component' mounting 
position in the printed board. 
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11. A component mounting apparatus according to 
Claim 9, wherein the components are arrayed onto the 
component feeder through: 

classifying the components to be mounted, into 
a plurality of groups: according to mounting cycle time, 
so that each groupv^of components has the same mounting 
cycle time, by using' a plurality of mounting cycle times 
corresponding to"- the ; ; compdnentis; 

arraying the components - .for. each of the 
classified groups, so that the components are arrayed in 
an ascending order of the mounting cycle times, from the 
shortest to slowest groups of components; and 

for components belonging to the same group, 
arraying the respective components to the component 
feeder in accordance with such a mounting sequence that 
the table's moving amount is minimized in the mounting of 
the components onto the printed board. 

12. A component mounting apparatus according to any 
one of Claims 9 to 11, wherein in the component feeder, 

0 the same type of components out of the 

components to be mounted to the printed board are 
gathered and arrayed, irrespectively of the mounting 
sequence ; and 

the components to be mounted are placed to the 

5 component holding position by moving the component feeder 



WO 97/48263 



PCT/JP97/02007 



43 

according to the mounting sequence, and the components 
are mounted onto the - printed, board successively by the 
component holder . 

13 . A component mounting apparatus according to any 
5 one of Claims 9 to ;12 where in v. the component feeder has 

respective component; .accommodating: .units (4a) for 
accommodating the . respective = components to be placed in 
accordance with the;;,mpunting. t sequence along the feeder 
moving direction, ; where the ; same number of components are 
10 accommodated in the respective component accommodating 

units . : . - - : - 
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